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that Rad52 recruitment terminates the “window of op- (2004) is modulated by epigenetic changes in the chro-
matin.portunity” for sensors such as MRX to interact (at least in
a cytologically discernible manner) with the DSB lesions. Live-cell imaging provides a new dimension to the
knowledge generated by biochemistry and geneticsFurthermore, the authors found that Sae2, a protein orig-
inally identified in processing DSBs in meiosis (Keeney and, as shown by Lisby and colleagues, “watching” pro-
teins in their physiological habitat can also open newand Kleckner, 1995), facilitates the Rad52-mediated dis-
placement of MRX from DSBs. So, there seems to be a and surprising questions and identify new phenomena
that would otherwise remain hidden in more conven-major switch in the DSB metabolism in terms of the
accessibility of its sensor and repair components. Al- tional “test tubes.”
though the purpose of such a switch (and the role of
Sae2) remains elusive, its identification paves the way Jiri Lukas and Jiri Bartek
to elucidate this key transition in DSB repair. Danish Cancer Society
While Lisby et al. provide so far the most complete Institute of Cancer Biology
temporal framework of the DSB-associated events, their Strandboulevarden 49
work (inevitably) also creates new challenges. For in- DK-2100, Copenhagen
stance, it is shown that while MRX, RP-A, and several Denmark
other factors could interact with the DSB repair centers
throughout the cell cycle, the recruitment of the HR Selected Reading
machinery is restricted to late S and G2 phase. This
Bakkenist, C.J., and Kastan, M.B. (2004). Cell 118, 9–17.makes sense as HR requires sister chromatid templates
for replacement of the DSBs. But what limits the access Celeste, A., Fernandez-Capetillo, O., Kruhlak, M.J., Pilch, D.R.,
Staudt, D.W., Lee, A., Bonner, R.F., Bonner, W.M., and Nussenzweig,of Rad52 to the RP-A-coated SS-DNA during G1 and
A. (2003). Nat. Cell Biol. 5, 675–679.early S? Is there an active mechanism that prevents
Essers, J., Houtsmuller, A.B., van Veelen, L., Paulusma, C., Nigg,illegitimate (and therefore potentially harmful) recombi-
A.L., Pastink, A., Vermeulen, W., Hoeijmakers, J.H., and Kanaar, R.nation events before the sister chromatids become
(2002). EMBO J. 21, 2030–2037.
available? Or does DNA damage in late S/G2 generate
Keeney, S., and Kleckner, N. (1995). Proc. Natl. Acad. Sci. USAhitherto unidentified DNA intermediates that cooperate
92, 11274–11278.
with RP-A to productively recruit recombination and re-
Lisby, M., Mortensen, U.H., and Rothstein, R. (2003). Nat. Cell Biol.
pair proteins? 5, 572–577.
Another unresolved issue is why cells tend to avoid
Lisby, M., Barlow, J.H., Burgess, R.C., and Rothstein, R. (2004). Cell
concomitant presence of MRX and HR proteins in the 118, this issue, 699–713.
repair centers. This study does not determine the dy- Lukas, C., Falck, J., Bartkova, J., Bartek, J., and Lukas, J. (2003).
namics of protein interaction with such centers, and in Nat. Cell Biol. 5, 255–260.
mammalian cells both RAD52 (Essers et al., 2002) and Lukas, C., Melander, F., Stucki, M., Falck, J., Bekker-Jensen, S.,
NBS1 (Lukas et al., 2003) undergo a dynamic exchange Goldberg, M., Lerenthal, Y., Jackson, S.P., Bartek, J., and Lukas, J.
(2004). EMBO J. 23, 2674–2683.between the DSB sites and the neighboring nucleo-
plasm. If such phenomenon exists also in yeast, then Melo, J.A., Cohen, J., and Toczyski, D.P. (2001). Nat. Rev. Cancer
3, 155–168.why can MRX and the HR proteins not coexist at repair
Petrini, J.H., and Stracker, T.H. (2003). Trends Cell Biol. 13, 458–462.centers in a competitive fashion, as proposed in current
models? Does this mean that the engagement of the Shiloh, Y. (2003). Nat. Rev. Cancer 3, 155–168.
HR machinery eliminates the structure(s) that the MRX
complex recognizes in the first place? Regardless of the
answer, the results in the present study caution against
interpreting the MRX disappearance from the DSBs as
a sign of a completed repair program. Wnt Signaling Went derailedFinally, recent studies of DSB-induced checkpoint
Again: a New Track viaevents in live mammalian cells revealed that although
proteins like Chk2 are firmly integrated in the DSB signal- the LIN-18 Receptor?
ing, its residence time at the actual DSBs is so short
that it never manifests itself as a cytologically detectable
accumulation around DSBs (in other words, it does not
form “foci”) (Lukas et al., 2003). This observation sets In this issue of Cell, Inoue et al. (2004) reports that
LIN-18, an atypical receptor tyrosine kinase related toa precedent that the microscopic appearance in the
mammalian Ryk and Drosophila Derailed, mediatesDSB repair centers is not the only criterion for an intimate
Wnt signaling in parallel to LIN-17/Frizzled (Fz) duringinvolvement of a protein in DSB signaling and repair. It
worm vulval development. LIN-18/Ryk and LIN-17/Fzwould be interesting to know whether such transient
appear to exhibit distinct Wnt specificity, and surpris-interaction modes exist also in yeast, and if so, what is
ingly, the LIN-18 intracellular domain may be dis-their biological significance. On the other hand, other
pensable.studies in mammalian cells showed that the sustained
concentration of numerous DSB regulators requires
phosphorylation of histone H2AX in vast regions sur- Wnt proteins are secreted signaling molecules critical
rounding the actual DSBs (Celeste et al., 2003). It would for animal development. While Fz serpentine receptors
be illuminating to determine whether and how the chore- have been established as Wnt receptors, other trans-
membrane receptors are beginning to share the lime-ography of the DSB repair described by Lisby et al.
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light. The newest star is LIN-18, a member of Ryk (related (Inoue et al., 2004). These data were interpreted as fol-
lows. If LIN-44/Wnt is a ligand for LIN-17/Fz, lin-44 muta-to tyrosine kinase)/Derailed (Drl) family (Inoue et al.,
2004). tion should not worsen the phenotype of lin-17 (null)
when the two mutations are combined; similarly, iflin-18, together with lin-17, were discovered in study-
ing C. elegans vulval development (Ferguson et al., MOM-2 is a ligand for LIN-18/Ryk, mom-2 mutation
should not enhance the phenotype of lin-18 (null). Thus,1987). Worm vulva forms from six precursor cells includ-
ing P5.p, P6.p, and P7.p, which are induced to adopt LIN-44/Wnt may be a favored ligand for LIN-17/Fz, while
MOM-2/Wnt may be preferred by LIN-18/Ryk. Thesedifferent fates via EGF and Notch signaling. P6.p, receiv-
ing the highest level of EGF from the organizer anchor results are consistent with the notion that LIN-44(Wnt)/
LIN-17(Fz) and MOM-2(Wnt)/LIN-18(Ryk) signal in paral-cell, adopts the primary (1) fate, whereas both P5.p and
P7.p adopt the secondary (2) fate (Figure 1A). However, lel to ensure the correct patterning of P7.p cells. It should
be noted, however, that such Wnt specificity is unlikelyP5.p and P7.p progenies exhibit opposite polarity of cell
fate pattern along the anterio-posterior (A-P) axis (Figure absolute. Since mutation in neither lin-44 nor mom-2
(nor cwn-2) alone has the bivulva phenotype, LIN-441A). Mutations in lin-18 and lin-17 cause polarity reversal
of the P7.p lineage such that P7.p and P5.p progenies and MOM-2 probably can engage both LIN-17/Fz and
LIN-18/Ryk effectively. Further, although lin-17 and lin-have the same A-P orientation (Ferguson et al., 1987,
Figure 1A), generating worms with an ectopic vulva lu- 18 are coexpressed in the P7.p lineage and affect certain
molecular markers similarly, whether they are requiredmen and thus the “bivulva” phenotype. lin-17 encodes
a Fz protein (Sawa et al., 1996), implicating Wnt/Fz sig- in the same cells has not been demonstrated. It remains
possible that LIN-17/Fz and LIN-18/Ryk function in dif-naling in the process.
lin-18 encodes the only member of the Ryk/Drl family ferent cells within the P7.p lineage, or sequentially in the
same cells, or, more convolutedly, function in differentin C. elegans (Inoue et al., 2004). Ryk, Drl, and LIN-18
intracellular tyrosine kinase-like domains harbor several lineages such as P5.p and P6.p to regulate P7.p pat-
terning in a cell nonautonomous manner. Related to theunusual yet conserved amino acid substitutions, which
may account for the lack of catalytic activities. Their parallel signaling model, one may ask whether hyperac-
tivation of the LIN-18 pathway can bypass the require-extracellular regions are composed almost entirely of
the so-called “WIF” domain (Patthy 2000), which was ment of the LIN-17 pathway and vice versa. The answer
seems to be no since lin-18 overexpression does notfirst defined as a Wnt binding domain in the secreted
Wnt antagonist WIF-1 (Wnt inhibitory factor-1). Indeed rescue lin-17 mutation (Inoue et al., 2004), although lin-
18 overexpression may not lead to LIN-18 pathway hy-Drl functions as a receptor for Wnt-5 in axon pathfinding
in Drosophila (Yoshikawa et al., 2003). peractivation.
While further studies including binding affinity mea-To link LIN-18/Ryk and LIN-17/Fz with Wnt, Inoue et
al. (2004) demonstrated that three of the five wnt genes surements are desirable, a strong case can be made
that Drl and LIN-18 are Wnt receptors. However, therein C. elegans, lin-44, mom-2, and cwn-2, have redundant
roles in polarization of P7.p cells (Inoue et al., 2004). are some important differences between Drl and LIN-18.
First, drl does not exhibit genetic interactions with Dfz1While mutation or RNAi of lin-44, mom-2, or cwn-2 each
does not affect vulval development, simultaneous dis- and Dfz2 (Yoshikawa et al., 2003), although its interac-
tion with the other two fz genes is yet to be tested.ruption of two or three of these wnt genes results in the
bivulva phenotype indistinguishable from that of lin-17 Second, while Drl intracellular domain is essential for
mediating axon repulsion (Yoshikawa et al., 2003),or lin-18 mutants. As mom-2, and likely lin-44, are ex-
pressed in the anchor cell and surrounding cells, and LIN-18 intracellular domain is surprisingly dispensable
for polarization of P7.p cells (Inoue et al., 2004). Theselin-17 and lin-18 are coexpressed in P7.p (and P5.p and
P6.p) progenies (Inoue et al., 2004), these data together observations probably reflect distinct mechanisms for
Drl in axon guidance and LIN-18 in patterning. One maysupport the notion that multiple Wnt ligands controls
P7.p patterning, likely via LIN-18/Ryk and LIN-17/Fz re- speculate that the Drl/LIN-18/Ryk family plays multiple
developmental roles, some of which require the con-ceptors. Indeed, a deletion of two conserved amino acid
residues in the WIF domain renders LIN-18 nonfunc- served intracellular domain, such as in axon guidance.
How does LIN-18 function in transmembrane signal-tional (Inoue et al., 2004).
In the Wnt/-catenin pathway Fz function depends ing if its intracellular domain is not required? LIN-18 may
play a role in binding, presentation, and/or transport ofcritically on the single-span transmembrane receptor,
the Drosophila Arrow or vertebrate LRP5/LRP6 (Figure Wnt ligands, while another receptor may be involved in
signaling. Studies of mouse Ryk, which is yet to be linked1B; He et al., 2004), such that Wnt/Wingless signaling
does not occur in fly embryos lacking either Fz or Arrow to Wnt signaling, suggest that EphB receptor tyrosine
kinases may deserve some consideration. Ryk/ micefunction. In contrast, LIN-18/Ryk and LIN-17/Fz seem
to act in parallel and do not show absolute dependence exhibit several developmental abnormalities similar to
those seen in mice lacking EphB2/B3 (Halford et al.,on each other. This can be reflected in the incomplete
penetrance of the bivulva phenotype of lin-17 (null) and 2000). Further, Ryk can physically associate with EphB2/
B3 (Halford et al., 2000), which can, intriguingly, vialin-18 (null) mutants (72% and 43%, respectively) but
the complete penetrance (100%) of the lin-17; lin-18 adaptor proteins associate with Dishevelled, a cyto-
plasmic mediator of Wnt/Fz signaling (Tanaka et al.,double mutants (Inoue et al., 2004). Interestingly, LIN-18/
Ryk and LIN-17/Fz exhibit distinct Wnt preference in 2003). How Drl and LIN-18 mediate Wnt signal transduc-
tion remains to be elucidated.genetic tests. In double-mutant combinations, lin-44/
wnt mutation enhances the penetrance of lin-18/Ryk, In addition to LIN-18/Drl/Ryk, the Ror subfamily of
receptor tyrosine kinases may also be involved in Wntbut not lin-17/fz whereas mom-2/wnt mutation en-
hances the penetrance of lin-17/fz, but not lin-18/Ryk signaling. Rors harbor, in the extracellular region, a Fz-
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Figure 1. Vulval Cell Fate Patterning and Wnt
Receptor Systems
(A) A simplified scheme of vulval patterning.
P5.p and P7.p lineages adopt the same cell
fate but opposite cell fate polarity in wild-type
(WT) animals, but the P7.p lineage shows the
same polarity as P5.p progenies in lin-17 and
lin-18 mutants. The anchor cell (AC) ex-
presses wnt (mom-2 and perhaps lin-44), and
P7.p (and P5.p and P6.p) cells coexpress lin-
17 and lin-18.
(B) Wnt receptors. Multiple fz genes exist in
the genome of C. elegans, Drosophila,
mouse, and human. PCP: planar cell polarity
signaling involving Rho, Rac, and JNK. * indi-
cates that there are data supporting Wnt
binding, but no affinity measurements re-
ported. (?) indicates some uncertainty.
Selected Readinglike “cysteine-rich domain,” which appears to exhibit
Wnt binding activities (Hikasa et al., 2002; Oishi et al.,
Ferguson, E.L., Sternberg, P.W., and Horvitz, H.R. (1987). Nature2003). Ror2 can regulate Xenopus gastrulation move-
326, 259–267.
ments (Hikasa et al., 2002; Oishi et al., 2003), which are
Halford, M.M., Armes, J., Buchert, M., Meskenaite, V., Grail, D.,
known to involve Wnt/Fz function, and Ror2/ mice Hibbs, M.L., Wilks, A.F., Farlie, P.G., Newgreen, D.F., Hovens, C.M.,
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ment 129, 5227–5239.Ror connections.
The complexity of Wnt receptor systems, including Inoue, T., Oz, H.S., Wiland, D., Gharib, S., Deshpande, R., Hill, R.J.,
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Patthy, L. (2000). Trends Biochem. Sci. 25, 12–13.ies, why phenotypes of individual fz mutant mice have
Sawa, H., Lobel, L., and Horvitz, H.R. (1996). Genes Dev. 10, 2187–not matched those of wnt mutants. As Wnt signaling
2197.has been “derailed” frequently from its established
Tanaka, M., Kamo, T., Ota, S., and Sugimura, H. (2003). EMBO J.tracks, new pathways to unexplored horizons are
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surely ahead.
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